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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a transmitter for a wireless tire condition monitoring apparatus and to the tire 
condition monitoring apparatus that allow a driver in a vehicle passenger compartment to check the conditions of vehicle 
tires, such as air pressure of the tires. 

[0002] Wireless tire condition monitoring apparatuses for allowing a driver in a vehicle passenger compartment to 
check the conditions of vehicle tires have been proposed. One such monitoring apparatus includes transmitters and 

10 a receiver. Each transmitter is located in one of the wheels and the receiver is located in the vehicle body of the vehicle. 
Each transmitter detects the conditions such as air pressure and the temperature of the associated tire by, for example, 
a pressure sensor and a temperature sensor and wirelessly transmits the detection data to the receiver using carrier 
waves of a predetermined frequency. Thus, each transmitter has a surface acoustic wave (SAW) resonator for gener- 
ating the .can rjeL waves .The receiver receives the data from the transmitters via a rece ption anten na and displays the 

15 condition of each tire on an indicator located, for example, in front of the driver's seat. 

[0003] The SAW resonator generally has a frequency deviation of ±300ppm due to manufacturing tolerance. There- 
fore, the transmission band of the transmitter tends to vary due to the frequency deviation of the SAW resonator. 
Accordingly, the reception band of the receiver needs to be widened. However, the receiver having a wide reception 
band has an increased possibility of receiving signals other than reception signals. Further, the receiving sensitivity 

20 could decrease due to deterioration of the signal versus noise ratio. As a result, the transmission data from the trans- 
mitter is not easily received accurately. 

[0004] To solve the above problem, a conventional transmitter uses a high precision SAW resonator having the 
frequency deviation of ±50ppm or less. However, the high precision SAW resonator is expensive, which increases the 
cost of the transmitter. 

25 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an objective of the present invention to provide an inexpensive transmitter for a tire condition 
monitoring apparatus and the tire condition monitoring apparatus that suppress variation of a transmission band. 

30 [0006] To achieve the above objective, the present invention provides a transmitter for a tire condition monitoring 
apparatus. The transmitter is located in a tire of a vehicle and transmits data indicating the tire condition using a carrier 
wave. The transmitter includes an oscillating circuit and a controller. The oscillating circuit generates a carrier wave 
frequency and has a predetermined characteristic carrier wave frequency. The controller corrects the generated carrier 
wave frequency in accordance with the difference between the characteristic carrier wave frequency and a predeter- 

35 mined reference carrier wave frequency. 

[0007] Other aspects and advantages of the invention will become apparent from the following description, taken in 
conjunction with the accompanying drawings, illustrating by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0008] The invention, together with objects and advantages thereof, may best be understood by reference to the 
following description of the presently preferred embodiments together with the accompanying drawings in which: 

Fig. 1 is a block diagram illustrating a tire condition monitoring apparatus according to one embodiment of the 
45 present invention; 

Fig. 2 is a block diagram illustrating a transmitter of the tire condition monitoring apparatus shown in Fig. 1 ; 
Fig. 3 is a graph showing the temperature characteristic of a SAW resonator; and 

Fig. 4 is a block diagram illustrating a receiver of the tire condition monitoring apparatus shown in Fig. 1 . 

50 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0009] A tire condition monitoring apparatus 1 according to one embodiment of the present invention will now be 
described with reference to Figs. 1 to 4. 

[0010] As shown in Fig. 1 , the tire condition monitoring apparatus 1 includes four tires 20 of a vehicle 10, four trans- 
55 mitters 30, each located in one of the tires 20, and a receiver 40, which is mounted on a vehicle body 1 1 of the vehicle 1 0. 
[001 1] Each transmitter 30 is secured to a wheel 21 of the associated tire 20 such that each transmitter 30 is located 
within the associated tire 20. Each transmitter 30 detects the condition of the associated tire 20, that is, the internal air 
pressure and the internal temperature of the associated tire 20, and sends data including the air pressure data and 
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the temperature data of the tire 20 using carrier waves of a predetermined frequency. 

[0012] The receiver 40 is located at a predetermined position of the vehicle body 11 and operates on, for example, 
power from a battery (not shown) of the vehicle 10. The receiver 40 is connected to a reception antenna 41 via a cable 
42. The cable 42 is preferably a coaxial cable, which is less likely to be affected by noise. The receiver 40 receives 
5 data transmitted from each transmitter 30 via the reception antenna 41 . 

[0013] An indicator 50 is located in the view of the driver of the vehicle 10. The indicator 50 is connected to the 
receiver 40 via a cable 43. 

[0014] As shown in Fig. 2, each transmitter 30 includes an oscillating circuit 31 , a transmitter controller 32, an A/D 
converter circuit 35, a modulation circuit 36, and a transmission circuit 37. Each oscillating circuit 31 includes a SAW 

w resonator 31a, which generates carrier waves of the predetermined frequency. Thus, each oscillating circuit 31 oscil- 
lates carrier waves of the predetermined frequency based on the corresponding SAW resonator 31a, and delivers the 
carrier waves to the corresponding transmitter controller 32, which is, for example, a microcomputer. Each transmitter 
controller 32 includes, for example, a central processing unit (CPU), a random access memory (RAM), and a read only 
memory (ROM). A unique ID code is registered in the internal memory, such as ROM, of each transmitter controller 

is 32. The ID code is used to distinguish the associated transmitter 30 from the other three transmitters 30. 

[0015] The difference between a reference carrier wave frequency and the characteristic carrier wave frequency 
generated by the SAW resonator 31a, that is, a frequency correction data, is stored in the internal memory of each 
transmitter controller 32 in advance. For example, if the reference carrier wave frequency is 315MHz and the charac- 
teristic carrier wave frequency of one of the SAW resonators 31a is predetermined to be 315.1MHz, the frequency 

20 correction data is -0.1 MHz. 

[0016] The characteristic carrier wave frequency of 315.1MHz corresponds to the carrier wave frequency actually 
generated by the predetermined SAW resonator 31 a when the ambient temperature is at a predetermined reference 
temperature (for example, the room temperature of 20 degrees Celsius) and is obtained by an experiment beforehand. 
In other words, although each SAW resonator 31 a is designed and manufactured to generate the carrier wave frequency 

25 of 315MHz, which is the reference carrier wave frequency, when the temperature is 20 degrees Celsius, which is the 
reference temperature, each SAW resonator 31 a has a certain degree of frequency deviation due to the manufacturing 
tolerance. The difference between the characteristic carrier wave frequency (for example, 31 5. 1 MHz) and the reference 
carrier wave frequency of 31 5MHz is mainly caused by the manufacturing tolerance of the SAW resonators 31a. More 
specifically, the SAW resonator 31 a that generates the characteristic carrier wave frequency of 315.1 MHz causes the 

30 frequency deviation of approximately 317ppm with respect to the reference carrier wave frequency of 315MHz under 
the temperature of 20 degrees Celsius. ~ 
[0017] The frequency deviations of the SAW resonators 31a differ from one another. Therefore, the frequency cor- 
rection data of each SAW resonator 31 a may be stored in a predetermined memory, which is not shown, of the corre- 
sponding transmitter controller 32 during or after the manufacturing procedure of each transmitter 30. In this case, a 

35 data input terminal is preferably provided on each transmitter controller 32. 

[0018] Fig. 3 is a graph showing the temperature characteristic of the SAW resonators 31a, which generate the 
carrier wave frequency. The internal memory of each transmitter controller 32 stores the temperature correction data, 
which is obtained by dig rtalizing a characteristic line indicated by a solid line in the graph of Fig. 3. The characteristic 
line represents the temperature characteristic of the SAW resonators 31 a, which generate the carrier wave frequency 

40 of 315MHz (or the reference carrier wave frequency) at the reference temperature of 20 degrees Celsius. More spe- 
cifically, the characteristic line indicates the frequency deviation ppm with respect to 315MHz on condition that the 
carrier wave frequency of 315MHz at the reference temperature corresponds to a reference point zero. As shown by 
the graph, the characteristic carrier wave frequency generated by each SAW resonator 31 a varies in accordance with 
the temperature. 

45 [0019] Characteristic lines indicated by a dashed line and a chain double-dashed line in Fig. 3 represent the tem- 
perature characteristic of the SAW resonators 31a, which generate the carrier wave frequency having the frequency 
deviation of ±50ppm with respect to the reference carrier wave frequency of 315MHz under the reference temperature 
of 20 degrees Celsius. When the characteristic lines are shifted along the vertical axis of the graph, the characteristic 
lines match with the characteristic line indicated by the solid line. In other words, the temperature characteristic matches 

50 with that of the ideal SAW resonator 31 a that does not cause any frequency deviation due to the manufacturing toler- 
ance. 

[0020] As shown in Fig. 2, a pressure sensor 33 located in each tire 20 detects the internal air pressure of the 
associated tire 20 and sends data representing the detected pressure to the corresponding A/D converter circuit 35. 
A temperature sensor 34 located in each tire 20 detects the temperature in the associated tire 20 and sends data 
55 representing the detected temperature to the corresponding A/D converter circuit 35. 

[0021] Each transmitter controller 32 corrects the carrier wave frequency received from the corresponding oscillating 
circuit 31 based on the frequency correction data and the temperature correction data stored tn its internal memory, 
and delivers the corrected carrier wave to the corresponding modulation circuit 36. More specifically, each transmitter 
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controller 32 adds the frequency correction data to the carrier wave frequency received from the corresponding oscil- 
lating circuit 31 to cancel the frequency deviation caused by the manufacturing tolerance of the corresponding SAW 
resonator 31a (a primary correction of the carrier wave frequency). As a result, value of the carrier wave frequency of 
each oscillating circuit 31 lies on the characteristic line indicated by the solid line in Fig. 3. 

5 [0022] Each transmitter controller 32 further corrects the carrier wave frequency that has been through the primary 
correction in accordance with the temperature data received from the corresponding temperature sensor 34. At this 
time, each transmitter controller 32 refers to the temperature correction data stored in its internal memory (a secondary 
correction of the carrier wave frequency). That is, each transmitter controller 32 calculates the frequency deviation of 
the carrier wave frequency that has been through the primary correction with respect to the reference carrier wave 

w frequency of 315MHz in accordance with the current temperature inside the associated tire 20. Each transmitter con- 
troller 32 then corrects the carrier wave frequency that has been through the primary correction to cancel the frequency 
deviation. As a result, the carrier wave frequency of the corresponding oscillating circuit 31 matches with the reference 
carrier wave frequency of 31 5M Hz. 

[0023] Each transmitter controller 32 transmits the carrier wave having the carrier wave frequency corrected to 

15 315MHz to the corresponding 

[0024] Each A/D converter circuit 35 converts analog signals from the corresponding pressure sensor 33 and the 
corresponding temperature sensor 34 to digital signals. Each modulation circuit 36 modulates (for example, FM mod- 
ulation) the air pressure data and the temperature data that are converted into digital signals and the transmission data 
that includes ID data stored in the internal memory of the corresponding transmitter controller 32 using the carrier wave 

20 from the transmitter controller 32. Each transmission circuit 37 wirelessly transmits the modulated transmission data 
to the receiver 40 via a transmission antenna 38. Each transmitter 30 is provided with a battery 39 and operates on 
the power from the battery 39. 

[0025] As shown in Fig. 4, the receiver 40 includes a receiver controller 44 and a reception circuit 45 for processing 
data received via the reception antenna 41 . The receiver controller 44, which is, for example, a microcomputer, includes 
25 a CPU, a ROM, a RAM, and the like. The reception circuit 45 receives the transmission data from each transmitter 30 
via the reception antenna 41 . The reception circuit 45 demodulates and encodes the received data and transmits the 
data to the receiver controller 44. 

[0026] The receiver controller 44 detects the air pressure and the temperature of the tire 20 associated with the 
transmitter 30 that has transmitted the signal based on the received data. The receiver controller 44 displays the data 
so regarding the air pressure and the temperature on the indicator 50. Particularly, the receiver controller 44 displays a 
warning on the indicator 50 when the air pressure of any of the tires 20 is abnormal. The receiver 40 is activated by, 
for example, turning on a key switch (not shown) of the vehicle 10. 

[0027] The operation of each transmitter 30 when transmitting data after detecting the air pressure and the temper- 
ature inside the associated tire 20 will be described. The corresponding SAW resonator 31a is assumed to oscillate at 

35 the characteristic carrier wave frequency of 315.1 MHz. 

[0028] The frequency correction data (in this case, -0.1MHz) stored in the internal memory of each transmitter con- 
troller 32 is added to the carrier wave frequency (in this case, 31 5.1MHz) sent from the corresponding oscillating circuit 
31 so that the carrier wave frequency is in conformity with the reference carrier wave frequency of 31 5MHz (the primary 
correction of the carrier wave frequency). The carrier wave frequency is further corrected based on the internal tem- 

40 perature data of the associated tire 20 detected by the corresponding temperature sensor 34 and the temperature 
correction data stored in the internal memory of the transmitter controller 32 (the secondary correction of the carrier 
wave frequency). 

[0029] When the corrected carrier wave frequency (31 5MHz) is sent to the corresponding modulation circuit 36, the 
air pressure data and the temperature data sent from the corresponding pressure sensor 33 and the corresponding 
45 temperature sensor 34, respectively, and the transmission data that includes the ID data sent from the internal memory 
of the transmitter controller 32 are modulated by the corrected carrier wave frequency. As a result, the modulated 
transmission data is wirelessly transmitted to the receiver 40 from the corresponding transmission circuit 37 via the 
transmission antenna 38. 

[0030] The transmission data from each transmitter 30 is always corrected based on the frequency correction data 
50 and the temperature correction data stored in the internal memory of corresponding transmitter controller 32. Thus, 
the carrier wave frequency from the corresponding oscillating circuit 31 is almost reliably maintained at the reference 
carrier wave frequency (31 5MHz). As a result, the fluctuation of the carrier wave frequency from each oscillating circuit 
31 is significantly reduced, and the transmission band of each transmitter 30 does not vary. 

[0031] Therefore, the reception band of the receiver 40 can be narrowed and signals other than the reception signals 
55 are not received as noise. This improves the signal versus noise ratio and prevents receiving sensitivity from being 
decreased. As a result, the transmission data from each transmitter 30 is accurately received by the receiver 40. Thus, 
thr. receiver 40 is only required to receive the reception data that is in the vicinity of the reference carrier wave frequency 
(315MHz). 
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r00321 The preferred embodiment provides the following advantages. tm „.. an ^ 
0033 The difference between the reference carrier wave frequency and the charactenst.c earner wave frequency 
oscillated from each SAW resonator 31a is stored in the internal memory of the corresponding transm.tte contro ler 
32 aslhe frequency correction data in advance. The temperature correction data, which is obta.ned by d,g,ta^.ng he 

s temperature characteristic of the reference carrier wave frequency at the reference temperature ,s also , s tored ,n the 
ntemal memory of the corresponding transmitter control.er 32 in advance. The frequency correction data ,s added to 
he carrier wave frequency from the corresponding oscillating circuit 31 to correct the earner wave frequency of the 
osciS no cTrcutt 31 The carrier wave frequency of each oscillating circurt 31 is further corrected based on the mternal 
°em P eSre data of the associated tire 20 detected by the corresponding temperature sensor 34 and the temperature 

w cTreSon data. As a result, the carrier wave frequency from each oscillating circuit 31 is almost reliably "a.ntamed at 
^eTeference carrier wave frequency and the fluctuation of the carrier wave frequency is significantly reduced. Thus, 
the variation of the transmission band of each transmitter 30 is suppressed. 

r0034] The frequency correction data and the temperature correction data are stored m the mternal memory of each 
transmitter controller 32. Thus, variation of the transmission band is suppressed with a simple structure. Aecord.ngly, 

is the transmitter 30 that has a narrow transmission band is provided at a low cost. 

0035] Since the transmission bands of the transmitters 30 are narrowed, the reception band of the rece,ver4ca 
be na rowed Therefore, signals other than the reception signals are not received as noise. Th.s improves the signal 
versu noise ratio and the receiving sensitivity. As a result, the transmission data from each transmitter 30 ,s ^accurately 
received by the receiver 40. Thus, the receiver 40 only receives the reception data that is in the vicinity of the reference 

20 carrier wave frequency (315MHz). .. . . „ )hor 

[0036] It should be apparent to those skilled in the art that the present invention may be embodied m many other 
specific forms without departing from the spirit or scope of the invention. Particularly, it should be understood that the 
invention may be embodied in the following forms. 

[0037] .n the case the SAW resonators 31 a are used, the frequency deviation of the earner wave frequency caused 
25 by the temperature difference is represented by a negative quadratic function as shown in the graph of F,g. 3^ On he 
assumption that the temperature coefficient of each SAW resonator 31 a is a and the temperature detected by he 
corresponding temperature sensor 34 is 6, the frequency deviation Af of the earner wave frequency caused by the 
temperature difference is represented by the following equation. 

30 Af = a (6o - Gmax) 2 - a (6 - Gmax) 2 (equation 1) 

[0038] In the equation 1 , 6o represents 25 degrees Celsius and 6max represents the peak temperature of the quad- 

35 [oossrThe'first item in the equation 1 does not include the detected temperature 9 of each temperature sensor 34^ 
Thus the first item in the equation 1 is a constant number. As a result, only the second ,tem of the equation 1 ,s 
calculated and subtracted from the first item to obtain the frequency deviation Af of the carrier wave 
by the temperature difference. The correction equation shown by the equation 1 may be stored .n the : interna I memory 
of each transmitter controller 32 instead of the temperature correction data, which is obta.ned by d.grtal.z.ng the char- 
ge acteristic line shown in Fig. 3, as the data regarding the temperature characteristic of each SAW resonator 31 a. 

[0040] Instead of storing the frequency correction data in the internal memory of each transmitter controller 32, the 
carrier wave frequency of the corresponding SAW resonator 31 a may be corrected by calculating frequency cor- 
rection data based on the difference between the reference carrier wave frequency (for example 315MHz) and the 
characteristic carrier wave frequency (for example, 315.1MHz) oscillated by the SAW resonator 31a 
« [0041] The SAW resonator 31 a may be replaced with a ceramic resonator or a liquid crystal oscillator. 

[0042] Instead of providing one reception antenna 41 for receiving data from the transmrtters 30, four antennas 41 
may be provided so that each tire 20 corresponds to one of the antennas 41 . 

[0043] An annunciator may be provided to warn when the air pressure or temperature .ns.de any of the t.res 20 .s 
abnormal. In addition, speakers mounted on the vehicle 10 may be designed to serve as annunciators 

50 [0044] The air pressure data transmitted from each transmitter 30 may be either data that specifically represents the 
value of the air pressure or data that simply indicates whether the air pressure is within a tolerable range. 
[0045] The vehicle is not limited to a four-wheeled vehicle. The preferred embodiment may be applied to a two - 
wheeled vehicle, such as a bicycle and a motor bike, or a multi-wheeled vehicle, such as a bus or a towed vehicle, or 
an industrial vehicle, such as a forklift that has tires 20. When applying the preferred embodiment to a towed veh.de, 

55 the receiver 40 and the indicator 50 are located on a tow car. 

[0046] The temperature sensors 34 may be omitted. In this case, the carrier wave frequency .s corrected using only 

the frequency correction data. 
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[0047] Therefore, the present examples and embodiments are to be considered as illustrative and not restrictive and 
the invention is not to be limited to the details given herein, but may be modified within the scope and equivalence of 
the appended claims. 



Claims 

1 . A transmitter for a tire condition monitoring apparatus, wherein the transmitter is located in a tire of a vehicle and 
transmits data indicating the tire condition using a carrier wave, wherein the transmitter includes an oscillating 
circuit, which generates a carrier wave frequency, and a controller, wherein said oscillating circuit has a predeter- 
mined characteristic carrier wave frequency, the transmitter being characterized in that: 

the controller corrects the generated carrier wave frequency in accordance with the difference between the 
characteristic carrier wave frequency and a predetermined reference carrier wave frequency. 

2. The transmitter according to claim 1 , 

characterized In that the controller stores in advance, as a correction value, the difference between the charac- 
teristic carrier wave frequency and the reference carrier wave frequency. 

3. The transmitter according to claim 2, 

characterized in that the correction value is the difference between the characteristic carrier wave frequency, 
generated by the oscillating circuit when the ambient temperature of the oscillating circuit is at a predetermined 
temperature, and the reference carrier wave frequency. 

4. The transmitter according to any one of claims 1 to 3, characterized by a temperature sensor for detecting the 
internal temperature of the tire, wherein the controller corrects the generated carrier wave frequency in accordance 
with the internal temperature detected by the temperature sensor. 

5. The transmitter according to claim 4, 

characterized in that the controller stores in advance data indicating the relationship between the generated 
carrier wave frequency and the temperature of the oscillating circuit. 

6. A tire condition monitoring apparatus characterized by the transmitter according to any one of claims 1 to 5 and 
a receiver located in a vehicle body of a vehicle, wherein the receiver receives data indicating the tire condition 
transmitted from the transmitter. 

7. The transmitter according to any one of claims 1 to 6, characterized in that the difference between the charac- 
teristic carrier wave frequency and the reference carrier wave frequency corresponds to a frequency deviation 
caused by manufacturing tolerance of the oscillating circuit. 
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Fig. 2 
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